Evidence-based medicine uses a hierarchy of publication types according to their vulnerability to bias. A widely used measure of journal "quality" is its impact factor, which describes the citation rate of its publications. We investigated the relationship between impact factor for eight anaesthesia journals and publication type with respect to their level of evidence 1-4 using Spearman rank correlation (rho). There were 1418 original publications during 2001 included in the analysis. The number (%) of publication types according to evidence-based medicine level were: level 1: 6 (0.4%), level 2: 533 (38%) level 3: 329 (23%), level 4: 550 (39%). There was no correlation between journal ranking according to impact factor and publication type (rho=-0.03, P=0.25). The correlation between journal rank and the proportion of publications that were randomized trials was -0.35 (P<0.001). The correlation between journal rank and number of publications was 0.65 (P<0.001). The correlation between journal rank and number of level 1 or 2 studies was 0.58 (P<0.001). The overall level of evidence published in anaesthesia journals was high. Journal rank according to impact factor is related to the number of publications, but not the proportion of publications that are evidence-based medicine level 1 or 2.
The quality of a journal article can be assessed in a variety of ways, one of which is how often it is cited by others. Similarly, the quality of a journal can be assessed by its citation rate. The impact factor of a journal is the ratio of the number of citations in a one-year period to the number of articles published by that journal in the preceding two years divided by the number of articles published in those two years. It therefore describes, annually, the citedness of articles of a given journal as referred to over a given year.
Garfield established the impact factor as a measure of a journal's performance over time and it is still used widely to rank and evaluate journals [1] [2] [3] . Does the impact factor of anaesthesia journals reflect their quality? There is increasing acceptance of the importance and value of the principles of evidence-based medicine (EBM) in clinical practice and healthcare policy decision-making [4] [5] [6] [7] [8] . A fundamental component of this process is the recognition that the possibility of bias is dependent on study design, such that different types of publications represent different levels of evidence [4] [5] [6] [7] [8] [9] .
The aim of this study was to assess the relationship between impact factor and publication type with respect to EBM level in anaesthesia journals. An association between journal impact factor and publication type would support the validity of impact factor as a measure of scientific quality for anaesthesia journals.
METHODS
The level of evidence of journal articles published in 2001 in eight anaesthesia journals ranked with respect to their impact factors in 2003 (in parentheses) was assessed: Acta Anaesthesiologica Scandinavia (1.68), Anaesthesia (2.04), Anaesthesia and Intensive Care (0.78), Anesthesia and Analgesia (2.21), Anesthesiology (3.50), British Journal of Anaesthesia (2.37), Canadian Journal of Anaesthesia (1.20) , and European Journal of Anaesthesia (1.22) . 10 These journals were chosen as they were locally available and represent a wide range with respect to their impact factors and geographical origins. We chose to use impact factors for 2003 as this would best reflect the publications occurring in the earlier period (from which the calculations are made).
All original articles were classified as level 1 to level 4 based on the Australian National Health and Medical Research Council (NHMRC) levels of evidence 9 : Level 1
Evidence obtained from systematic review of relevant randomized controlled trials (RCTs) (with meta-analysis where possible).
Level 2
Evidence based from one or more welldesigned RCTs. Level 3
Evidence obtained from well-designed non-RCTs; OR from well-designed cohort or case-control analytical studies, preferably multicentre or conducted at different times. Level 4
The opinions of respected authorities based on clinical experience, descriptive studies or reports of expert committees. We included all publications that reported on research in humans. Laboratory and other mechanistic studies, animal studies, editorials, reviews, supplements, and correspondence were excluded. This was done by assessing the title and abstract of all articles published in that period and if necessary examining the details of the methods looking for sources of bias within the studies. Data abstraction and coding was done by one of two individuals (one being CRB), with unclear publications adjudicated by one of the authors (PSM). A random sample of approximately one-fifth of the dataset was used to confirm the accuracy of categorization and data entry. There was excellent agreement (kappa 0.91).
The correlation between impact factor and publication type (EBM level 1-4), and proportion of publications that were RCTs, and numbers of publications were done using Spearman's rank correlation (rho). A P value less than 0.05 was considered statistically significant.
RESuLTS
We retrieved 1418 eligible publications, with 533 (38%) of publications being RCTs: details are presented in Table 1 . There was no correlation between journal ranking according to impact factor and publication type (rho=0.03, P=0.25). The correlation between journal rank and the proportion of publications that were RCTs was -0.35 (P<0.001). The correlation between journal rank and number of publications was 0.65 (P<0.001), and with the number of level 1 or 2 studies was 0.58 (P<0.001).
DISCuSSION
The level of evidence of human studies published in the eight anaesthesia journals was high, with 40% of original articles being EBM level 1 or 2. We found no association between journal rank according to impact factor and publication type according to levels of evidence. This suggests that journal impact factor is unrelated to the quality of the publication type in anaesthesia journals.
Reliable evidence is needed to improve healthcare quality and to support efficient use of limited resources, and this depends on the conduct of goodquality RCTs. The quality of evidence informing clinical practice relates in large part to its ability to eliminate sources of bias. It is known that narrative review articles and case reports increase a journal's impact factor 3,11,12 . Indeed, a recent survey of the most-cited articles in anaesthesia journals was dominated by reviews and case reports, with only one RCT in the top-20 ranked articles 13 . However the impact of original articles reporting clinical research is far less predictable. It is known that highly cited articles tend to be published in high-impact journals, suggesting that they are cited because of being published in such journals 7, 9, 13, 14 . Journal impact factors are not statistically representative of individual journal articles, do not correct for self-citation, have an English language bias, are dominated by American publications, and favour basic research over clinical research 11, [14] [15] [16] . Citation error may also affect the impact factor 11 . The time from publication to citation varies significantly across the scientific disciplines and the different types of research. This may especially be the case for clinical trials in anaesthesia, because it takes a longer time for follow-up studies to be designed and approved by an ethics committee, to complete patient enrolment, and be analyzed and published. Thus it will take longer for the original trial to be referred to by subsequent authors. Some editors aim to improve the impact factor of their journal by publishing articles that they anticipate will be highly cited.
Some academic institutions use journal impact factor to measure the quality of research and productivity of staff and departments 11, 17, 18 . This approach has been widely criticized 11, 17, 18 . Our study provides further cause for doubt as to the validity of impact factor as a measure of journal quality, and this should weaken the value of including journal impact factors in academic productivity assessment.
In this study there was a much stronger correlation between the journal impact factor and both the number of articles published, and the number of articles that reported on trials. This suggests that the impact factor in anaesthesia journals may be more related to the shear bulk of number of original articles published by that journal rather than their inherent quality, such as that measured by EBM level. This has been shown previously in other specialties 19 . This may reflect authors' reading and citation bias towards anaesthetic journals that publish large numbers of original articles.
In a survey of anaesthetists throughout Europe and North America, the view that the impact factor reflects journal quality was widely accepted by about 70% of respondents and most authors stated that they seek to publish in journals with high impact factors 20 . However, many respondents also believed that the impact factor, as a comparative tool of journal quality, should be improved, citing geographical variation of journal citedness and its favouritism of journals publishing in English as significant disadvantages. Some believe that it should be abandoned all together 21 .
Self-citation may positively influence the impact factor of leading anaesthesia journals, and eliminating self-citations from the calculation has been proposed 16 . Citation inaccuracy in anaesthesia journals has also been assessed previously and was found to be prevalent amongst leading anaesthesia journals ranging from 2% to 11% occurring in both the subject and author indexes 20 .
In an editorial in the British Journal of Anaesthesia 12 , Smith reviewed the problems of the impact factor in quantifying anaesthesia journal quality. He concluded that the impact factor may be useful in following the fortunes, rather than the quality, of an individual journal, and warned that comparison of different journals of different geographical origin or scientific specialty is fraught with problems. Therefore the question remains: how should quality of publications be determined or compared? A hierarchy of experimental designs according to their ability to minimize bias represents one method of assessing scientific quality 6, 7, 9 . However, RCTs for example, vary in quality 23 . Furthermore, other types of publication may be of high quality and impact simply due to their originality and timing rather than their design. A recent analysis of five anaesthesia journals found that the most common types of article published in 2000 were animal and laboratory research (31%) and RCTs (20%) 24 . The authors defined clinically relevant articles as those where the studies reported a statistically valid method and had a clinically relevant endpoint. About 50% of publications were considered to be clinically relevant. Journal impact factor was inversely related to the number of clinically relevant pages in the journals studied 24 .
Our study has several weaknesses. We surveyed only publications from a one-year period. Although EBM ranks studies according to a hierarchy based on avoidance of bias, there are other crucial determinants of trial quality, such as study power, allocation concealment, blinding and clinical importance of the primary endpoint. These were not assessed in our study.
Our study found no correlation between the EBM level of publication in a journal and the impact factor of that journal, suggesting that the impact factor does not reflect a journal's quality if EBM is considered to be a measure of scientific quality.
